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A mixture of the compound 2a (200 mg, 0.77 mmol), commercial available compound 4-Vinylbenzyl chloride (117 mg, 0.77 mmol) and
N-tert-Butyl-N-(2-methyl-1-phenylpropyl)-O-(1-
)hydroxylamine (NMP initiator, 10 mg, 0.031 mmol) were degassed by three freeze/thaw cycles, sealed under argon, and heated at 125 o C under argon for 12 h. After the reaction cool down to room temperature, the reaction mixture was dissolved in DCM, and dialyzed against DCM/MeOH (v/v= 6/1) for 2 days. The solution was collected and dried under vacuum to yield 220 mg (70% yield) of 2b. GPC (PMMA/THF): M n = 12K Da, Đ=1.2;
Synthesis of polymers 2c:
Polymer precursor 2b was added to 2mL of Triethylphosphite in a round bottom flask and stirred with reflux at 110 o C for 24 h. The reaction mixture was then cooled to room temperature and dialyzed against DCM/MeOH (v/v= 6/1) for 2 days to remove excess Triethylphosphite. The solution was collected and dried under vacuum to yield 235 mg (85% yield) of 2c. 1 H NMR indicates that there is a quantitative conversion from benzyl chloride to benzyl phosphonate functional group (based on the chemical shift of peak "g" and the emerging peaks "h" and "i").
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Synthesis of polymers P2:
Polymer 2c was dissolved in 3 mL of DCM in a round bottom flask and stirred in an ice bath for 15 min. Bromotrimethylsilane (0.17 mL, 1.54 mmol) was slowly added to the solution. The reaction mixture was further stirred for 12 h. After the reaction, the solvent and excess Bromotrimethylsilane was evaporated to obtain dark yellow solids. 3 mL DCM was added to re-dissolve the compounds and 1M HCl aqueous solution (1 mL) was added. The reaction mixture was stirred at room temperature for 1 hour. After the reaction, DCM was evaporated and water was removed, and the residues are lyophilized to obtain 220 mg of the final polymer P2. The disappearance of peaks "h" and "i" in the precursor indicates that the ethyl groups were deprotected. 1 H NMR (400 MHz, CDCl 3 ) was shown below.
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Synthesis of random co-polymer P3
Synthesis of compound 3a:
To a solution of THF mixed with 4-Hydroxybenzaldehyde (5.16 g, 42.22 mmol) and Imidazole (4.02 g, 59.11 mmol), tert-Butyldimethylsilyl chloride (8.91 g, 59.11 mmol) was added and stirred for 12 hours at room temperature. After the reaction, NaCl saline and ethyl acetate were added for extraction. The combined organic layer was separated and washed with saline 3 times. The solvent was evaporated to dryness and purified by silica gel column chromatography (2-3% ethyl acetate in hexanes) to obtain 9.0 g (90% yield) of 3a. 
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Synthesis of compound 3b:
Methyltriphenylphosphonium bromide (12.41 g, 34.75 mmol) and Potassium tert-butoxide (3.90 g, 34.75 mmol) were mixed in a round bottom flask, and dry THF (20 mL) was added to the mixture. The mixture was stirred under argon atmosphere in an ice bath for 15 min to yield the bright yellow solution. 3a (5.47 g, 23.17 mmol) was slowly added to the mixture. The reaction mixture was further stirred for 5 h. After the reaction, NaCl saline and ethyl acetate were added for extraction. The combined organic layer was separated and washed with saline 3 times. The organic layer was evaporated to dryness and purified by silica gel column chromatography (0.5% ethyl acetate in hexanes) to afford 4.6 g (85% yield) of 3b. Synthesis of random co-polymer 3d:
THF (3 mL) was added to dissolve the dried random co-polymer 3c. Tetrabutylammonium fluoride (5.75 mL, 1M in THF) was added to the reaction in an ice bath, and stirred for 12 h. The reaction mixture was evaporated and re-dissolved with minimal amount of DCM. Then MeOH was used to precipitate polymers 3 times. The product was collected and dried under vacuum to yield 200 mg (50% yield) of 3d. The disappreance of peaks "h" and "g" in the precursor indicates that the TBS was deprotected. 1 H NMR (400MHz, CDCl 3 ) was shown below.
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Synthesis of random co-polymer P3:
THF (5 mL) was added to dissolve the dried random co-polymer 3d. Sodium hydride (0.13 g, 5.75 mmol) was added to the reaction in an ice bath, and stirred for 15 min. The reaction mixture was then added the 1,3-Propanesultone (0.70 g, 5.75 mmol) and stirred for 12 hours. After the reaction, 2 mL of H 2 O was added dropwise to the reaction to quench the NaH in the mixture in an ice bath. Then mixture was dried, and the water was removed. The dried sample was dialyzed against DCM/MeOH (v/v= 6/1) for 1 day. The solution was evaporated and dried under vacuum to obtain 130 mg of the final product P3. 1 H NMR (400MHz, CDCl 3 ) was shown below. Figure S1 . (a) MALDI mass spectrum of aqueous phase (AQ) and organic phase (ORG) after extraction using reverse micelles of polymer P2 at pH 2.1. (b) MALDI mass spectrum of aqueous phase (AQ) and organic phase (ORG) after extraction using reverse micelles of polymer P3 at pH 2.1. Figure S2 . (a) MALDI mass spectrum of aqueous phase (AQ) and organic phase (ORG) after extraction using reverse micelles of polymer P2 at pH 1.0. (b) MALDI mass spectrum of aqueous phase (AQ) and organic phase (ORG) after extraction using reverse micelles of polymer P3 at pH 1.0. Figure S3 . Example of kinetensin (KIN) peptide extraction capacity measurement using reverse micelles of polymer P1 at pH 5.4. Signal-to-noise (S/N) is used as a measure of peptide signal to account for wellknown spot-to-spot variations in the noise levels in MALDI-MS measurements. In addition, we used a S/N ratio of > 3 to confirm that a peptide ion was truly measured. Linear regression fitting was used to obtain the capacity. 
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